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(54) TiUe: ADAPTIVE WIRELESS COMMUNICATION RECEIVER 




(57) Abstract 

The present invention provides a method and apparatus for adaptive processing in a communication system receiver. The adaptive 
processing facilitates power savings and permits enhanced pcfforraance when necessary. This extends a receiver's operation time in receiven 
that operate on batteries, such as in cordless telephones or cellular telephones. A receiver adopting the principles of the present invention 
evahiates the characteristics and dynamics of an incoming signal, and based on the quality of the incoming signal, adjusts various aspects of 
the receiver such as the on-time correlators and analog to digital converters, the timing circuits, the despread equalizers, and the combiner. 
If the receiver comprises a receiver operation in accordance with GSM, the receiver may cycle the MLSE detection algorithms or cross 
correlation may be done over fewer data symtwls. 
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ADAPTIVE WIRELESS COMMUNICATION RECEIVER 

Field of Invention 

The present invention relates to the field of wireless commumcattDn and in particular to an adaptive receiver. 
BackPTOund of the Invention 

5 The field of wireless communications is rapidly expanding. In particular, cellular communication systems are 

experiencing phenomenal growth. Likewise, cordless telephones are in widespread use. 

Each mobile station, whether a cordless or cefhiiar telephone, operates using power supplied by an associated 
battery. Each mobile station continually draws power from the battery white in standby mode or during an active 
communication (ink. The mobile unit draws the most power during periods of en active communication Bnk. In particular, 
10 the receiver, which is responsible for obtaining, filtering, decoding and synthesizing the incoming signal, comprises a targe 
percentage of total mobile unit power usage during an acthre communication link. This is especially true when the 
communication system comprises a modem cellular system, such as Global System for Mobile Communication (GSMI or a 
system adopting Code Ohrislon Multiple Access (COIMA) techniques. Modem communication systems adopt these complex 
coding schemes to increase both system capacity and voice quality. 
15 Sumrnarygf^hg tnypmiPn 

As known in the art these complex coding and decoding schemes remain on or fixed during the duration of the 
communication link. Maintaining these complex coding and filtering schanes is desirable when the signal quality is poor, 
however, these schemes needlessty consume vahiable power resources during periods of better or tdeaf channel quality. In 
addition, if the signal quality degrades below a tolerable threshold, these fixed receiver architectures result in dropped calls. 
20 While advances in battery technology now provide more robust power sources, there still exists a need for a 

mobBe station recehrer having reduced power consumption. In addition, there is a need to provide more advanced 
processing in times of very tow signal quatrty. 

The prasant invention provides an adaptive wireless recover which reduces power constsnption in a receiver of a 
moble station end/or increases perf onnance. Reducing power consumption in a mobile station increases the duration of 
25 time the mobile station may remain in standby mode or maimain an active communication link, bicreasing performance 
provides better quality and fewer dropped calls. 

In particular the system and method generally comprises dynamicafiy adjusting recehrer operation in response to 
signal quality. 

One aspect of the present tnvsitton involves a power utilization control system for a wireless communication 
30 devica The system has a signal properties evaluation module operative to evaluate the characteristics of a received signal. 
The module is configured to provide an indication of the characteristics. At least one receiver component for the wireless 
communication device has at least two modes of operation and is responsive to the signal properties evaluatkin module to 
operate in at least one of the at least two modes of operation, based upon the characteristics. In one embot&ment the 
signal properties evaluation module b implemented using a ifigitai signal processor. Preferably, the signal properties 
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evaluation module is configured to evaluate any signal dynamics such as signal noise levels or signal strength. In one 
embodiment, the wireless commurications device operates in accordance «ith code division multiple access protocols. 

In one emboifiment at least one receiver component is analog to digital commrter configured to convert the 
received signal in an analog formal to a received signal in a digital format. In this embodiment the first mode invohms 

5 operation at a first precision and the second mode involves operation at a second precision. In this embod«tient the power 
utilization control system further Involves an analog to dighal converter control module responsive to the signal properties 
evahiation module to select the precision of the at least one analog to digital converter based upon the indication of signal 
characteristics. Advamageously. the analog to digital converter control module is configured to select a lower bit precision 
for the at least one analog to dighal convener when the signal is of generally high quality. 

1 0 hi another embodimant, the at least one receiver component comprises a timing estimator responsive to the 

indication of the characteristics from the signal properties evaluation module to alter timing estimation operation based 
upon the indication of signal characteristics. Advamageously, the timing estimator responds to the indication of the signd 
characteristics via a timing comrol unit to modify one or more of the timing estimator type, operation duty cycle, and 
bandwidth. The timing estimator may comprise a delay-lock-ioop. 

15 In one embodknent the at least one receive component comprises a pbrafity of despread modules responsroe to 

the rotation of the characteristtts from the signal propertiBS evaluation module to atjust operation based upon the 
indication of signal characteristics. Advantageously, the despread modules respond to the indication of the signal 
characteristics via a control unit to adapt one or more of the opwation duty cyde or tap spacing in response to the 
indication of signal characteristics. 

20 In yet another embodiment, at the least one receiver component comprises at (east one equalizer responsivB to 

the indication of sigial charactHistics from the signal properties evahiation module to change its operation based upon the 
indication of signal characteristics. Preferably, the equalizer ahers one or more of its duty cycle or complexity of operation 
based upon the indication of signal quality. 

In stfll awther embodiment, the at least ona recehrer component comprises at least one correlator responsive to 

25 the indication of signal characteristics to operate in either the first or the second mode. Advantageously, the first mode 
comprises operation at a first preciston and the second mode comprises operation at a second precision. The first mode of 
operation may further include a first duty cycle for the correlator and the second mode of operation comprises a secmid 
duty cyde for the at least one correlator. 

In still anotiw embodiment, the signal properties evaluation module provides the indication of characteristics via 

3 0 a control module. Thus, in one embodimem where the at least one recehrer component comprises a plurality of correlators, 
the control module suspends operation of one or more of the phiraiity of correlators during periods when the signal is of 
relatively good quality. 

In another embodimem, the at least one receivw componem comprises a signal combiner responshfe to the 
indication of signal characteristics from the signal properties evaluation module to alter operation of tha combine based 
35 upon the indication of signal daracteristics. Advantageously, the at least two modes comprise at least first and second 



2- 



wo 00/19644 PCT/US99/22080 

modes, wherein in the first mode the combiner operates in accordance with a first processing algorithm and in the second 
mode, the signal combiner operates in accordance with a second procassmg aJgorithm. In one embodiment, the first 
algorithm comprises a more complex algorithm than the second algorithm. 

In another embodiment the at least one receive component comprises a frequency estimation module, and 
5 wherein the at least two modes comprise at teast first and second modes, selected in response to the indicatiDn of the 
signal characteristics from the signal properties evaluation module. Preferably, the at least two modes involve at least two 
algorithms ha>ring a difference in one or more of the proces^ng precision, filter type, processing rate, or duty cycle. In a 
specific embodiment, the frequency estimation module responds to a demodulated pilot signal and to demodulated desired 
signals from users other than the imended recehrer. 
10 Another aspect of the present im/ention involves a method of reducing power consumption in a wireless 

communication receiver having a plurality of receiver components comprising receiving a signal monitoring the 
characteristics of the incoming signal, evaluating the quafity of the incoming signal based on the characteristics, and 
altering the operation of at least one of the receiver components based upon the evaluated quality of the incoming signal 
Preferably, the at teast one of the recehrer components comprises an analog to digital converter. In one embotant 
1 5 evahjating the quality of the incoming signal compises detemining the proper preci^on setting for the one or more analog 
to digital conv^s. For instance, altering the operation of the analog to digital converter may comprise altering the 
precision of the analog to (Sgital converter. More specifically, altering the precision of the analog to digital converter 
comprises altering the precision between 5 hits and 2 or 3 hits, in the presem embodimart. 

In one embodiment monitoring the characteristics of the mcoming si^al comprises monitoring any one or more 
20 of sgnal dynanics, signal noise, signi level, bit error rate, or frame error rate. In ona embodiment the method is 
implemented in a communication recover operating in accordarae with code iSvision multiple access. 

In another embotfiment, the step of allying the operation of at teast one of the recerver components comprises 
adjusting the op^tion of a signal tirteng estimator. Advamageously, the step of adjusting operation comprises reducing 
the duty cycle of the timing estimator andior adjusting the filter properties of a timing estimator. In tWs embocfimant the 
25 step of monitoring the signal comprises monitoring any of signal dynamics, signal noise, and signal level In a preferred 
embodiment, the signal timing estimator comprises at least one dday lock loop. 

In yet another embodiment the step of altering the operation of at least one of the receiver components 
comprises altering the operation of an aiualizer for an incommg signal, the method further comprising the steps of 
evahiating information regarfing the characteristics of an inconnng signal and modifying the complexity of equalizer 
3 0 algorithms for the equalizer based upon the evaluation. 

In anotha onbotfiment the step of altering the operation of at least one of the receiver components comprises 
altering the operation of at least one correlator basal upon the evaluation of the incoming signal The step of altering the 
operation of at least one correlator advantageously comprises modifying the symbol frequency of operation of the 
correlator. 
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In yet another embodiment the step of alterinj the operation of at least one oi the receiver components 
comprises altering the operation of a signal combiner in response to the step of evahiating the quality of the incominfl 
signal. PrefetaWy, the step of altering the operation of a signal combiner comprises selecting one of at least two 
algorithms operable with the combiner. 

5 In still another embodnwit, the step of altering the operation of at least one of the receiver components 

comprises altering the operation of a frequency estimator hi response to the step of evaluating the quality cf the incoming 
signal. Advantageously, the step of altering the operation of a frequency estimatflr comprises selecting an algorithm from 
at least two elgorithms operable for the frequency estimator. Either in combination, or separately, the step of altering the 
operetion of the frtsjuency estimator comprises selecting a precision for the frequency estimator and controlling active 

1 0 periods for the frequency estimator. 

Yet another aspect of tf» present invention mvolves an adaptive signal synchronizatinn apparatus for a wireless 
recehrer. The apparatus has a timiig estenator, a signal properties evaluation module responsive to signal characteristics 
to evaluate an incoming signal, and a timing control module rasponshre to the signal properties evahiation module to control 
the operation of tte timing estimator. 

15 In one embo&nent the timing estimator includes at least one delay lock loop. Advantageously, the tining 

comrol unh fe ccnfigurBd to adapt the percentage of time that the timing estimator opiates and/or tap spacing of the 
timing estimator. 

In one embodinent. the timing estimator, the signal properties evaluation moduie and the timing control module 
are operative in (figita) signal processor. 
20 In one embodiment, the adaptive signal synchronization further has a phirafity of despread modules responshro to 

an indication of signd characteristics from the signal properties evahiation modide to adjust operation of despread modules. 

Yet another aspect of the present invention invohres an adaptive equalizer system for a wffetess receiver 
comprising an equator opwable in at least two modes to perform equalization on an incoming signal a signal properties 
evahjatkm module responshre to signal characteristo to evahiate an incoming signal, and an equalizer controller responsive 
25 to the signal properties evaluation module to select between the at least first and second modes. 

In one embotfimait one or more of the equalizer controller and the signal properties evahiation moduia is 
mbam in a tfigital signal processor, to one embodiment the signal properties evahiation module receives a plurality of 
characteristics of an incoming signal and responds to such characteristics to develop equalizer operating parameters, in 
one embodimait. the at least first and second modes of operation comprise a first mode in which the equalizer operates in 
30 accordance with a first algoritiim and a second mode wherein the equalizer operates in accordance with a second algorithm 
which is different f ran the first algorithm. In one embodiment, the receiver comprises a wireless communication receiver in 
a wireless commumcation system. Advamagcously. the equafizer is configured to compensate for time delays introduced ii 
a signal transmitted over a wireless medium. 

Yet another aspect of the present invention involves a method for adaptive operation of an equalizer in a receiver 
35 comprising rweiving, equalizing end demodulating an incoming signal, evaluating the quafity of the incoming signal, and 
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adapting the operation of an oquaKzer based on the m ot Bveluating. In one embodiment the step of adapt™, «>e 
operation ot an equator cooiprises dnrtting off the equalizer when the evaluating indicates the signal is of generally hgh 
quality in one enAodiment. ti,e step of adapting the operation of an «pu>fee, compHses reducing the computatronal 
complexity of the equaizer when the evaluating indicates the inconing signal is of genera 
5 the sti^ of evaluating con,prises evaluating any of signal dynan-ics, signal noise, signal tevel. bit error rate, or field error 
rate. In one embodiment, the step of evaluating comprises datemdnmg the rate of change of tfte s^nal characteristics over 
thne. 

Stil am.ther aspect of the present invention imndves an adaptive combiner for a receiver comprising at least t«o 
corndetors configured to receive an incoming signal,acombiner coupled to ti« at least tw^ 
10 evatoation module n.sponsive to characteristics of a received signal to provide an indication of the properties of an 
i™:eming signal, end a combiner contnl module coupled to the combiner and responsivB to the indication of sH,nal 
characteristics from the signal properties evaluation module to ate operation of the combiner based opon the indication of 
the signal characteristics. In one embodiment, the combiner contrd module is further coupled to at least one of the at least 
two combiners, the combiner control module configured to provide a control signal to at least one of the at least two 
15 combiners to alter the operation of at bast one of the at least two combiners, to one embodimem, at hast one of ti« 
correlator, the combiner, the signal properties evaluation module and the combiner control module is embodied «ing a 
digital signal processor. In one embodnnent, the combiner comprises part of a wkeless communicatinn receiver. 

Yet anotiw aspect of the present invemion involves a method of adaptive control in a receiver comprising 
receiving en mcoming radio signal, correlating at least portions of tin incoming signal, combining the portions of the 
20 i„comingsignal,evah,atingthequ3lityoftheb«:omin,signal,andcon«^ 

incoming signal. In one Bnbodinent, the stirp of combining may proceed in accordance with a first or a second mode of 
operation, the first and second mode operating in accordance w«h different algoritims for the combining step, the 
contiolN comprisinB changing the mode. Advantageously, tiu. algorithms differ m the manner of parameter estimation 
used in the step of combining. In oms emhodinem. the step of evaluating comprises evataating one or mom of the signal 
25 dynamics, signal noise, signal level, bit error ratio, and frame error ratio. 

Yet anotfier aspect of the present imiention mvolvBS a metfiod for rraJucing power consumption in a receiver 
operating in accordance witi. any TOMA System, such as Global System for Mobite Communications comprising receiving a 
radio sigmri. evaluating signal dynamics of the radio signal, and ritering a renge of delays in a correlator based on the signal 
dynamics, hi one embodiment the step of evaluating comprises monitoring in a timing unit the rate of signal timing change 
30 over time. In one embodiment the step of ahering e range of delays comprises reducing the range of delays when the 
signal is determmed to be generaUy stable based on ti» signal dymmdcs. Preferably, gemsrally stable comprises a low rate 
of change over time or a signal wherein tius signal does not demonstrate rapid timing drift from burst center. In a particular 
embodmm. reducing the range of delays comprises perfomung cross-correlation every ±2 data symbols, b. one 
embodiment, the step of evahiating comprises monitoring the center of a burst from hurst to burst in the received radio 
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In one embodiment the step of altering a range of delays comprises increasing the range of delays and tfie signal 
dynamics indicate that the radio signal is generalJy unstable based on high signal dynamics. 

Stai a further aspect of the present imreirtion involves an adaptive correlator for a communications receiver 
configured to receive an incoming signal comprising a correlation unit configured to compare the incoming signal to a 
5 known liming sequence, a liming recovery unit connected to the correlation unit, the timing recovery unit configured to 
evaluate the tining of the incoming signal, and a correlator controller connected to both of the timing recovery unit and the 
correlation unit, the correlaiion controller configured to adapt the operation of the correlation unit based on the evahjatix 
by ihe liming recovery unit In one embodiment correlator controller is configured to adapt the operation of the correlation 
unit to reduce the number of symbols over which the correlation unit operates. Advantageously, the timing recovery unit is 
1 0 configured to detemine the change in timing of the incoming signal over time, and the correlator unh is configured to 
perfomi a cross-correlation between the received signal and a known training sequence, tn one embodiment the 
communications receiver opiates in accordance with the principles of a Globd System For Mobile Communicatiorej. 

Yet another aspect of the present invention Mmbs a method of adaptive control in a receiver utilizing lirtLSE 
algorithms comprising receiving a signal, monitoring the level of the signal monitoring the response of the incoming signal 
15 to a filer, and suspaiding operation of the MLSE algorithms when the signal bvel is high and the response to the filter 
indicates a generafly dear channel. In one embodiment, a high signal level comprises a signal having level generally naar the 
maxmum signal levd. Advamageously, monitoring the level comprises monitoring the output of a signal level estimator, 
and monitoring the response comprises monitoring the response of the incoming signal to a matched fflter. In one 
embodiment a graerally clear channel comprises a response to the filter generally resembling a impulse. Preferably, 
20 suspending tha MLSE algorithm comprises replaring the MLSE algorithm with a MSK demodulator. In one embodiment the 
MSK demodulator comprises a bit-by-bit MSK demodulator. 

Another aspect of the present imrention mvolves an adaptive MLSE detector comprising a signal levd estimator 
responsive to an incoming signal to determine the signal level of the incoming signal a filter configured to filter the 
incoming signal, a MISE detector configured to obtain input from the filter, the MLSE detector configured to compute 
25 signal probability, ami a MLSE controller coupled to the signal level estimator, the fflter and the MLSE detector, the MLSE 
comroller configured to evaUiate output from the signal level estimator and the filter and. based on the evaluation, control 
the operation of the MLSE detector. Advantageously, the filter comprises a matched fiher and the MLSE controller is 
configured to suspend operation of the MLSE algorithms when the signal level estimator indicates the signal is generally 
high and the response to the signal is generally an impulse. In one embodiment the MLSE controller is configured such 
30 that when the MLSE algorithms are suspended, the MSK demodulation occurs. Preferably, comrol of the operation 
involves reducing the power consumption. 

Brief DescfimiDn of the Drawings 
Figure 1 is a block diagram of wireless comnunication system receiver. 

Figure 2 illustrates the front end of a digital cmnmunication racaiver with analog to digital converters 
3 5 incorporating signal quality feedback. 



•6. 



wo 00/19644 PCT/US99/22080 

Ftgura 3 iOusffatfls a timing estimator incorporating signat quality feedback. 

Rgura 4 iliusttates equalizer incorporating signal properties feedback. 

Figure 5 illustrates a basic Wock diagram of a combiner having adaptive perfomiance. 

Figure 6 tflusirates a block diagram of a wireless communication receiver in a Global System for MobOe 

5 Communications. 

Figure 7 iUustrates a frequency estimation block diagram for an adaptive frequency estimator. 

Detailed DescripTion of the Pr pf erred Embodiments 
Rgure 1 illusUates the basic components of a wireless communication system receiver as emboded in a cellular 
' telephone communication receiver adopting code division muftiple access (CDMA). Modem ceHular communication systems 
10 generally comprise a phirality of base stations and mobile stations. Both of the base station and a mobile station 
incorporate a communication receiver. The present invention focuses on a system and method of reducing power 
consumption of a battery powered mobfle station communication receiver and also, improving perfomiance when 
necessary. The base stations are typicaBy wffed to a land based power source. For purposes of explanation, a general 
overview of a receiver in one preferred embodiment is provided below. In general the receiver comprises an antenna 110 
1 5 coupled to a radio frequemiy (RF) subsystems module 112. This module 112, provides two outputs (10) to analog-to-digital 
(A/DI converters 114, 116. Each of the AfD converters 114, 116 connects to signal estimator 120, a timing estimator 
122, a data demodulator 124, and a phase and frequency estimator 126. In turn, the output of the timing estimator 122 
and the phase and frequency estimator 126 couple to inputs of the data demodulator 124. The output of the data 
dmiodulator 124 couples to a vocoder 132 and a signal properties evahiatian module 130. The vocoder's output couples 
20 to a codec 134 and the signal properties evaluation module 130. The output of the codec 134 couples to an amplified 
speaker 138 for audio reproduction. 

In operation the entCTna 110 converts arriving radio frequency signals to electrical sign^ for the radio 
frequency (RFl subsystems module 112. The RF subsystems module 112 ampfifies the incoming signal before perfomiing 
frequency translation and band pass fthering on the signal. The RF subsystem provides the in-phase (II and quadrature- 
25 phase (01 portions of the incoming signal to A/Dcomrerters 114, 116. The A/Dcomrerters 114,116 convert the incoming 
analog signal to a digital format Conventionally, the A/D converters 114,116 are configured with a predetwmined 
precision for the conversion process. 

The signals exiting the A/D converters 1 14,1 16 enter the signal estimator 120, a timing estimator 122, a phase 
and frequency estinator 126, and a data demodulator 124. The output of the timing estimator 122, and phase and 
30 frequemry estimator 126 corniect to the data demodulator 124 to provide data necessary for the danodulation and 
decodeig of the voice signal 

The timing estimator 122 detamines the timing of the signal in relation to a synchronization signat to obtain 
signat alignment during decoding and demodulation. In ona preferred embodiment, the timing estimator 122 comprises a 
delay lock loop (DLL), which is described in more detail below in conjunction with Figure 3. 
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The phase and frequency estimator 126 delenninBS the phase and frequency of the incoming signal which, as 
knoum by those f annliar with receiver operation, aids in the daiiodulation process. 

The signal estimator 120 detemiines the signal to noise ratio, signal dynamics, and the signal strength level and 
provides these values to the signal propanies evaluation module 130. As discussed in more detail below, the signal 
5 propartiea evaluation module 1 30 uses these values for dynamic receiver comroL 

The data demodulator and decoder 124 demodulates the signal from radio frequency and performs reverse coding 
on the signal In one embodiment the coding comprises code division multiple access (CDMA). 

The output ol the data demodulator and decoder 124 is coupled to the signal properties evaluation module 130 
and the vocoder 13Z The signal properties evaluation module 130 uses the demodulated and decoded data to estimate the 
1 0 bit error rate (BERI and the frame error rate (FER) which in turn are used to further evaluate the incoming signal. The 
vocoder 1 32 generally comprises an electronic speech analyzei as Icnown in the art. 

The output of the vocoder 132 is coupled to a codec 134 input. As known in the art the coded 34 converts the 
digital signal to an analog signal. The corresponding signal exits the codec 1 34 for receipt by a speaker 1 36 which audibly 
reproduces the signal. An optional amplifier, not shown, may exist between the codec 134 and the speaker 136. 
15 Optionally, the signal may comprise data information which would not require conversion of the signal to an 

an^g fomiat Hence, a receiver configured to process non-voice data would lack componentry for processing voice, such 
as the vocoder 132 and codec 134. 

The signal propmies evaluation module 130 provide feedback to the A/D converters 114, 116, the signal 
estimator 120, the tinrng estimator 122, the data ctemodulator and decoder 124, and the phase and frequency estimator 
20 1 28 in accorctence with various aspects of the present invention in order to facflitate dynamic control of the various blocks 
of the recehfer for changing signal quality and/or power reduction purposes. 
Anainn tn Digital ConvertBrs Incorooratinn Sianal D uality Feedback 

Figure 2 illustrates one embodiment of the present invention. At the front end of a receiver adopting COMA 
principles, the signal is ifivided into its in-phase (1) and quadrature-phase (01 components. Each of these respecthre signals 
25 enters one of the analog to digital comrerters 1 14.1 1 6. The an^g to d^ital converters 1 14,1 16 converts the incoming 
analog signal to a digital representation of the signals. 

In conventionai systems, the precision of each A/0 converter 1 14,1 16 is held constant, typically at 5 bits. The 
output of the A/D convwters 114,116 couple to the other recawer subsystems 200. The receiver subsystems 200 
comprises componentry such as die signal estknator 120, timing estimator 122. data demodulator 124, and the phase and 
30 frequency estimator 128, shown in greater detail in Figure 1. Accoritingly, the precision of the A/D convertws impacts the 
processing of the majority of the remaining receiver subsystems, as depicted in Figure 1. As explained previously in 
coniunction with Rgure 1, tha output of the signal estimator 120 connects to the signal properties evaluation module 130. 
The signal properties evaluation module 130 is in communication with the A/D converters via an A/D converter control 
modute 220. Tha control decision module connects to each of the A/D converters 1 14,1 16. Of course, the A/D converter 
35 control module 220 can be considered part of what could be combined with the signal properties evaluation module 130. 
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in ,*er words, the control for the AID .onv8rt«s114,116canb8genBr8teddirectlYfromtta 
™dule«he«by the separate A/0 converter control module 22D. which receives inprnfrorn*^ 

modute 1 3D, b made up of one module or multiple modules o, combined with the sienal properties evaluation module 1 30. 
The independent depiction in the fiflures of the present applicatton is provided to facilitate the desd^^^^ 
5 In operation, real-time feedback from the signal properties evaluation module 1 30 controls the operating ptedsion 

of the A/D converters 114.1ia In particular, the in-phasa and quadrature phase components of the incoming signal enter 
the AJO converters 114,1 16. At the inception of the communication link, the pmcision of the A/D converters 1 14,1 16 is 
set to a first predsmn level, in one embodiment, the highest precision level provided by the A/D converters 1 14. 1 1 6. The 
A/D converters 1 14. 1 1 6 modify the incoming signal to a digital fomiat ami forward the signal to the other components of 
10 the receiver. One component of the recehrer which obtains the output of the A/D converters 114,1 16 is the signal 
estimator 120. which is incorporated in Figure 2 in the nsceiver subsystem 200. The signal estimator 120 evaluates the 
digitized signal to detemrine dynamics, noise and imerferences level and the signal strength. Those vakies are forwarded to 
signal properties evaluation module 130. 

The Bvakiation module 130 processes the infom»tion from the signal estimator 120 (and other mputs as 
15 depicted in Figure 1) and arrives at a detemiinatkm of the signal quaUty and stability, referred to herein as the signal 
properties or characteristics. T»» signel properties are foiwarded to the AID com,erter control module 220 which 
evahiates the signal properties. Based on the evaluation of the incoming signal, the control module 220, which b in 
communication with the A/D converters 114,116, adjusts the precision level of the A/D converters. Advantageously, the 
m converters cen be adjusted separately. An evaluation by the signal properties evaluation modute 130 ami the cnmml 
20 modute 220 imflcating a generally stable signal prompts the control module to reduce the precision of each of the A/D 
comreners 1 14,1 16. If signal quality is high enmigh on I or a one or the other signals may be entirely shut off. hi one 
embodiment, when the signel is of high quality the cmiirol module 220 reduces the precision of each or one of A/D 
comrster 114,116 to four, time, or even two bits. Reducing the precision of the A/D converters 114,116 reduces the 
power consumptkm of the receiver. Because the control module 220 only reduces the precision of the Art) converters 
25 114,116 when the hieoming signal is of high quality, the power consumption of the mobOe station decreases without a 
compromise in eudio quafity. Because the precision of the A/0 converters can dresticaHy mcrease or decrease the total 
amount of data which must be processed by the remaining receiver componems such as the signal estimator 120, the 
timing estimator 122, the data demodulator and decoder 124, and the phase and frequem:y estimator 126, the power 
savings resulting from the reduction of predsion in the ATO comforters 114, 116 can significently impact the power 
30 consumption of the receiver. As further shown in figure 2. the control module 220 also comiects to the recehrer 
subsystems 200 to appropriately ai«ust the operating predsion of the other aspects of the recewer. In particular, when 
the comrol module 220 reduces the precision (number of bits) of the Afl) converters 114,1 16, the components which 
recehre the output of the ATO comrerters wi also operate in a reduced predsion mods. If one of the I or Q signals is 
completely discontinued due to very high signal quality on the other signal, mcahwr subsystems whidi respond to the 
35 particular signal whidi has been ifiscominued would be completely deactivated in one embodiment hather redudng power. 
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Conversely, H the evaluation moduie 130 and control module 220 ascertains that the signal qiaSty is poor, the 
control module increases the precision of either or both of the A/D converters 1 14J 16. In this fashion the precision of the 
AID converters 1 14. 1 1 6 dynamicaBy adjust depending on the quality of the incflming signal. 

The degree or percentage of power consumption achieved using these principtes varies depending on the receiver 
5 subsystems 200 components. In one embodimem, the reductwn in operating precision in the front end A/D converters 
114,116 can result n an overall rettoction m receiver power consumption of about 20 percent, whte degrading signal 
quality by less than about .8 Db. This correlates to an overall reduction in chip power usage of approximately 5% to 10% 
in the present embodiment. Furtherniore, with the reduction in power constmptiDn during periods of high signal quality, for 
the same power usage over time, the precision of the A/D converters 114, 116 can be increased during periods of poor 
1 0 signal quality to enhance communication performance without Increasing the ovwall power usage over lime. 
Timmq Fstimator Incorp flrattno Signal Quafitv Feedback 

Modem communication receivers utaize some fomi of signal synchronization to properly track, demodulate and 
decode the incoming signal. One example of such a synchronization mechanism is a delay lock loop which serves to 
synchronize the incommg signal with an internal or known clock or timing signal figure 3 illustrates a synchronization 
1 5 mechanism known as a tming estimator incorporating signal quality feedback. 

A recehrer mdudes a mimber of despreaders 300, each coupled to a timing estimator and fiher module 122 (e-g., 
a delay • lock-loop or DLL) . The output of the timing estimator and fBter module 1 22 coraiects to the data demodulator, as 
shown in figure 1. Also shown in figure 3 is the signal properties evaluation module 130 which obtains information 
regarding the incoming signal and, upon processing the information, determines the quafity and/or dynamics of the incoming 
20 signaL The output of the signal properties evaluation module 130 connects to a timing control decision unit 320. The 
output of the signal propertiBS evaluation module couples to each of the despreaders 300 and the timing estimator and 
fitter module 1 22 via the tmting control deciskm unit 320. 

in comfemional systems, the timing estimator and fiher module 1 1% (e.g., the DLL), operates constantly, and at a 
faed rate of smipfing. However, in accordance witii the principles of the present invention, the timing estmiator and fitter 
25 modute 1 22 can operate all the time, intermittently, or at a reduced rate. 

In the present embodimem, each of the despreaders 300 outputs a signal recovered from the spread spectrum 
data transmission to the timing estimator and filter module 122. The timing estimator and filter module 122 receroes and 
processes the despread signals to syraJuonize the sign^. A timing signal is provided to the demodulation unit 124 (Figure 
1) fv use in demodulation. 

30 The signal properties evaluation module 130 SBntltaneousty provides information regarding the quality and/or 

dynamics of the inconrng signal to the timing control decision unit 320. The timing control decision unh 320 evaluates the 
information describing the incoming signal properties and provides control infonmation to the timing estimator and filter 
module 122 and each of the despreaders 300. 

The timing estmiator and filter module 122 and each of the despreaders 300 may alter its operation based on the 

35 input from the timing control decision module 320. For example, the timing control decision module 320 provides data to 
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.he thrtng estimator and fater 122 to thereby a»m.l the type, operation duty cycle, and filter properties »ch as 
c«„ple,ity and band»,idth. Tl,e intoation provided fnm, the t™9 conuol d 

changes depending on ,ha,«aU.y of the »Bnal. The .Wnge«bna..r and filter modul. 122 ««« this m^^^^^^ 

it, operation to save power when the incomng signal Is of high quality andlor inaeese performance during periods of low 

signal quafity and/or high dynamics. 

More specilitelly, based on the timing error, tha DIL 122 can modHy its operation. For instance, if the tinwig 
error becomes very smaB on repetitive samples, the duty cyde. or percentage of time that the OIL 122 operates, can be 
adapted to save power. In other words, in periods of small em.r in t«™n9, tha duty cycle of the oaiM 

io, less frequent operation. In times of higher timing error, the duty cycle of tite DU 122 can be advanced for more 
frequent sampling. Similarly, tha oa type can be adjusted for bett« or poorer timing error. Furtiiermore, the type can 
be ahered during periods such as pull-in or reacquisition to provide necessary perfomumce during these periods. For 
example, during pull-in. the DLL may utilize four taps and then adjust the tap spacing to two when the delay is estimeted. 
Accordingly, only the procassing comptotity necessary to maintain signal timing is requirel 

As known in the art. tm« estimators and sssodated filters, such as a DLL begin operation after the initial 
signal search process occurs to achieve precise synchronization and tracking. The DLL generally comprises a first 
correlator beginning operation eariy and a second comslator beginning operation later in relation to the optimum samping 
time. An error signal is fomu«l by taking the difference between the two absohite vataes of the two correlator outputs. A 
non-zero error signsd indicates that the timing of the synchroniiinB signal is incorrect relative to tite optimm. sampling tine. 
AcconSngly. the synchroniiation sisnal is either retarded or advanced, depending on the sign of ti« enor. Operating this 
loop ai$usts tha synchronization siipiaL 

During periods of gateral stahffity with regard to the euaming signal the error signal is generally zero and hence 
the timmg of the sym:hronization signal remains genefaBy unchanged. Alternatively, when the incoming signal is generally 
unstable and possesses high dynamhs or interfereraa. the error signal is generally non zara and the timing estimator 122 
continualy evakates and ai^usts the synchronization signal 

Based on the above described operation of an embodimHit of the present invaition using a DLL the timing 
control decision unit 32D evahiates tha incoming signal based on input from the signal pmpertias evahiation unit 130 and 
adjusts tfiB bdiavior of tin DLL to use power effidemly andlor provide bicreased reliability in times of hiw signal quality. 
For example, during periods of general stability, the timing control decision unit 320 adjusts operation of the Da by 
reducing tiie duty cycle, tiie comptexity amifor bamhwidth cf the filters, all of which reduce power consumption of the 
receiver. 

The timing comrol decision unit 320 also provides data to ti» despraaders 300 to control the tap spacing of the 
despreeders. The infomation provided from the timing comrol decision unit 320 to die despraaders 300 alters the 
operation of the despieaders to use power efficiently by reducing power usage during periods when the imwning signal is 
of superior quality. For example, the control infomation provided to ttie despreeders 300 may alter the despreaders tap 
spacing to save power during periods whan the incoming signal b of high quality. 
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In this fashion ths receiver n,onitors the quality of the incoming signal and adjusts the operation of the tinuns 
estimatoi and filter mulule 122 and the despreaders 300 to reduce tha power censuniption when the signal is of high 
qualitY and general^ staWa. Alternatively, durng periods of poor signal quality, the operation is made mora robust, at the 
cost of additional power consumption. 
Fniiaizer Incornofatino Signa l Pronerties Feedback 

Many modern communication systems, such as systems employing time division multiple access (TOMW and 
code division multiple access (CDMA), often employ a type of receiver known as a RAKE receiver. A RAKE receiver has a 
number of receivers, or lingers,- each of which are configured to obtain a portion of a radio signal Roceivars employ such 
a configuration betausi^ in most communication systems, tha channel characteristics are unknown or time-variant One 
example is when a traiBnitted signal encounters obstacles in the path between the transmitter and receh/er. Because of 
the obstadas, the resulting signal includes energy peaks which are spread over time. In particular, the incoming signal is 
often separated into a number of peaks or time-varied portions each of which contain important signal infomiation. Each of 
tha fingers of a RAKE receivar obtalm the information at each of tha peaks of the incoming signal However, the energy at 
each of the peaks may become misaligned or smeared, thereby preventing the fingers of the rake receiver from property 
obtainfaig tha signal 

To overeoma the misalignment of tha peaks in tha incoming multipath signal modem communication systems 
often employ equalizers. The equater removes certain lima delayed waves or signal portions. In particular, equaliters 
detect the delayed portions of the signal and lock onto the strongest portions. Equalizers may operate by using a trairins 
sequam» that is sent at the start of the data communications burst The equalizer then adjusts itself to provide the 
manmun response on the channal thereby negating the deteiioratmg effects of the radio channel itsaH. 

Undesirably, the one or more equalizers in a racshrar of a modem communication system operate continuously 
during an active communication link. Tha continuous operation of the equafizar is desirable when tha peaks of a multipath 
signal ate misaligned. However, continuous operation of the equaSzers in a mobHe station when the incoming signal is 
generally stable and not bi need of equalization consumes valuabia battery power. One embodiment of tha present 
invention comprises adjusting tha complexity and/or duty cycle of the equalizer based on the characteristics of the incoming 
signal to reduce power consumption and/or incraasa part onnance as needed. 

Figure 4 illustrates one embodiment of an equalizer configured for adaptive operation in accordance with the 
principles of the present invention. In particular, with regard to signal equalization, tha relavant portion of a wireless 
commumcation receiver comprises an equalizer 100 having a first input configurBd to recewe a signal, a second input 
coupled to an output of an equafizet controller 410. aul an output coupled to the demodulator 124. The input ol tha 
equalizer controBer 410 couples to the output of the signal properties evaluation module 130. which is described above in 
greater detail 

in operation, the components iBustrated n Rgute 4 cooperate to recahre a signal at the first input of the equalizer 
400. In one embodtaent. at start-up, the equalizer 400 enters a full operation mode wherein the signal improving 
capabtties of the equdzer are fully operationaL After fully equalizing the mcoming signal, the equalizer passes the signal 
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to the demodulator 124 for additional signal processing. The output of the demoduiator 124 passes to other receiver 
subsystems Isee Figure 1). 

Other subsystems of the receiver (Figure 1) provide infomiation regarding the signal to the signal properties 
evaluation module 130. The signal properties evaluation module 130 processes and feeds the processed informatifln to the 

5 equ^izer controller 41 0. The equalizer controller 41 0 further evaluates the signal characteristics based on the inf omiation 
from the signal properties evaluation module 130 and. based on this evahjation. outputs comrol infomiation to the equalizBr 
400. The comrol information dictates the duty cycle and complexity of operation of the equato 400. 

The amount of power used by the equalizer 400 depends upon the duty cycle of the equalizer 400 and the 
complexity of the equaizing algorithms used in the equafizer 400. In one embodimEnt, the equalizer 400 can be completely 

1 0 disabled when tha peaks in an incoming signal are reaifily discernible and the equalizer can be re-activated when the peaks 
become "smeared." For example, the equafizer 400 enters a power saving mode when the signal properties evaluation 
module 130 and the equalizer comroOer 410 determine that the incoming signal no iongar requires extensive equalization. 
Conversely, the equalizer returns to full equalization when instructed that the incoming signal requires equalization to 
maintain communication quality aid prevent dropped calls. In this manner the equalizer's overall power consumption is 

1 5 minimized without sacrificing signal quality and communication link integrity. 
RAKF Rnner Duty Cvp|p Adjustment and Comfainsr Al gnrrthms Adiustmem 

RgtffB 5 iBustrates a comhm m a RAKE recehrer. A CDMA receiver employs multiple correlators also known as 
fingers. The multipiB correlators reduce a recehrers susceptibility to multqjath components because the recewer can 
simuhanecusly receive several multipath signals and coherently combine them, resulting in a stronger signal. The RAKE 

20 recehrer also enables a mobile station to communicatB with two base stations simultaneously, making soft hand-offs 
possble and greatly reihnng the probability of dropped caBs. 

Present systems operate every finger of the RAKE recehfer at full precision during the entirety of each active 
cornmunication link. Operating each finger of the RAKE receiver at full precision maintains audio quality during signal 
fading and when the signal comains multipath components. However, operating every finger of the RAKE receiver and the 

25 combiner at full precision when the incoming signai is of high quality needlessly constmes battery power. The embodiment 
described herein dynamically adjusts the duty cycle of the fingers of the RAKE recewer and varies the complexity of the 
combiner algorithms to save power when the signal is of high qurity. 

As shown in Figure 5, one preferred onbodiment comprises several correlators 510, each of which couple to a 
combiner 516. The output of a combiner control module 550 couples to the combiner 516 and each of the correlators 510. 

30 The combine comrol module has an input connected to the signal properties evaluation module 130, discussed in 
conjunction with Rgure 1. 

The combiner 516, which recewes the si^ab.from each of the fingers of the RAKE receiver, adds each of the 
multipath signals and provides an output to the other subsystems of the receiver. 

In particular, each of the correlators 510 provides a portion of tha incoming signai to the combiner 516. In turn, 
35 the combiner 516 uses an algorithm to calculate parameter values that aid in the combination of each of the incoming 
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multipath signals from the correlators 510. These parameter values represent the required time shift phase shift and 
amplitude adjustment necessary to properly combine each of the multipath signals. THe combiner 516 processes the 
incoming signals using the parameter calculations and provides a combined signal at the output. 

Advamagecusly. a receiver adopting the principles of the presem invention includes the combiner control module 

5 550. The combiner control module 550 provides input to the combiner 516 and each correlator 510 to dynamically adjust 
the duty cycle of the correlators and the manner of operation of the combiner to reduce power consumption. The combiner 
control module 550 evaluates various characteristics of the ira^ing signal and, based on the evaluation, provides 
appropriate input to the combiner 516 and the correlators 510. The combiner control module 550 obtains information 
regarding the incoming signal from the signal properties evaluation module 130. In particular, the signal properties 

1 0 evahjation module 130 provides information regarding the signal dynamics, the signal to noise ratio, the signal interference 
level and the signal power level to the combiner comrol module 550. Using this infomiation, the combiner control moiUe 
550 adjusts the duty cycle of the correlators 510 and the manner of operation of the combiner 516 to reduce power 
consumption. 

With regard to tfie correlators 510, the combiner control module 550 alters the duty cycle of each ci^or 

15 based on the incomino signal For example. II the incoming signal is generally weak and contains a number of multipath 
components, then the combiner control module 550 enables the maximum mmber of correlators 510, thereby capturing the 
weak signal. Altemathrely, H the signal properties evaluation module 130 indicates that the signal is generally strong and 
convrises relathreiy few (one or two) multijath components, then the control module 550 instructs a number of the 
correlators 510 to suspend operation. Suspending operation of a number of the correlators 510 reduces the power 

20 consumption of the receivBr, which extends battery fife. Suspeftting operation of a mmber of correlators 510 reduces the 
Input to the ccmhinBr 516, wtuch consequaitly reduces the procassing burtten on the combiner 516. This further reduces 
the power consumption of the twene. 

The combiner control module 550 also instructs the cwnbiner 516 to dynamically change the algorithms used for 
parameter estimation. In particular, mobye stations (Le.. a cellular telephone) may operate whfle stationary or while 

25 movinfi. such as during automobile travel. For a recehrer, and in particular the combiner 515, a significant amount of 
processing (and therefore power) is required to estimate the parameters used to calculatB time shift 512, phase shift 520 
and amplitude edjustment 530 of each component of the incoming signal before summing with the summer 540 each 
aiQusted signal component Precise calculation of these parameters is vital during periods when the incoming signal 
includes significam multipath components, such as for example when the mobile station is moving or when reflecting 

30 objects such as building, are intermediate the mohae station and the base station. However, such complex calculations 
needlessly consume power during periods when the incoming signal does not inchide a plurality of significant multipath 
componems. such as for example when the mobile station is genwally stationary or when it possesses an obstruction free 
signal path to the base station. Instead of perfomiing complex calculations, the parameters used to determine time shift, 
phase shift and amplitude adjusimem are arrived at using calculations which consume lass power or by fixing the 
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paramater values to certain s.gnal conditions. Thus, the power consmnption may be reduced without compromisinB audio 

quality or communication fink stabffity. 

Figure 7 iOustrates an enhanced frequency estioBtor to provide adaptive frequency estination (phase 
reconstruction) such as in the phase/frequency estirator 12B of Figure 1. A, seen in Figure 7, there is denrcdtdator 710 

5 provided for a pilot siEM and demodJator 712 prtivided for a desired signal. A phase reconstruction block 714 provides 
phase estimation for tl» desired signal. Accordingly, an output of the phase reconstruction btock 714 provides an input to 
the desired signal demodulator 712. The inconning signal (after digital conversion in the present embodimenti, provides an 
input 10 both the pilot demodulator 710 and the desired signal dmodulator 712. The phase reconstruction module 714 
receives input from the pilot demodulator 710 and from the signal properties module 130 (see Figure 11 More speciflceDy. 

10 the signal properties module 130 provides signals to a dynamic phase reconstruction control module 718 which forms part 
of the phase reconstruction module 714. The dynamic phase reconstruction control module 716 reacts to information from 
the signal properties module 130 and from the pilot demodulator 710 to dynanicelly control the phase reconstruction 
module 714 to accommodate changing the signal condhions. IWore specifically, the phase reconstruction module 
operations can be adapthrely comroled to change operations basal on the perticular signal properties at the time. 

1 5 As blown In the art a phase reconstruction scheme can be very important because a small error in the estimated 

phase can result in a large loss for the desired signal Typicelly, existing systems utilizB the pilot sipal which is 
transnAted at a higher power without full spreading codes so that it is much easier to demodulate. Accordingly, the 
danodulatian allows detemiination of the phase of the incoming signal Bacsuse the pilot signal and the desired signal are 
transmitted together, they experience similar or identical paths end interference to the receiver. During periods of high 

20 signal dynamics and muhHiath eomponems. frapiency Bstimatnn becomes an important function of the system in order to 

avoid significant signal losses. 

to the presait inventifln, the frequency estimation algorithm, predsifln, or active periods may be controlled. More 

specifically, any one or more of the following parameters could be included m selecting two or more algorfthms which can 

be selected based upon the pilot demodulation infomiatinn or the pilot demodulation together with the signal properties 
25 modniB infomiation. The processing rate may be increased or decnsised. Such increase or decrease may be based on 

power level rather than tracking perfomianea. Tha phase reconstruction filter 714 may actually be deacthrated and 

activated only a few to several times a second during periods of high signal strengtii and low signal dynamics and fading. 

However, during high signal dynamics, virhere the signal may have multiDOth eomponems and the phase is changing rapidly, 

tiw filter may run constantly, hi addition or ahemaiively, the precision of the phase reconstruction fUter 714 can be 
30 modifiei For instance, the predsion can be chenged f rem 1 S« to 8-bit in one embodimem. In addition or in combination 

with the other efements, tiie octual filter type could be changed. For instara*, a FIR filter, IIR filter, sliding window filter, 

or other type of filter could be selected based upon tin signet characteristics. 

Fmally, as shown hi Figure 7, the signal properties module 130 could play a significam role in the phase 

reconstruction decisions. Comrentional designs typically mvohie using the pilot signsi to determine frequency estimation. 
35 The pilot is eesy to demodulate because of its high power and lack of full spreading codes. In spread spectrum systems. 
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each base station may have many desired signals, each with its own spreading code transmined in a particular direction 
from the base station. Typical bass stations in spread spectrum systems may have three different directional sections, 
each which can have 10 to 20 signab with spreading codes (such as Waish codes) for each signal. Accordingly, the signal 
from the base station includes a pilot plus several desired signals using several corresponding spreading codes. Typically, 
5 each mobile site demodulates the data resulting only from its own spreading code. However, because there are many other 
coded signals in the same collectwe signal the present embodiment also imrolves utteg the other spread spectrum signals 
not intended for the panicular receww in determining the phase reconstruction. In other words, the demodulated desired 
signal for other users can be used for tracking the phase, and, the tracking can be improved. Of course, the additional 
demodulation requires addhional power; however, in periods of high signal dynamics, such irajcase in processing may be 
1 0 r«;uirBd in order to maintain a signal for the particular user in question. 

In summary, in accordance virith this embodiment of the present imrention, several different features can come 
into play in impacting the phase reconstruction (frequency estimation) operations of the recehrer. 
RSM Demodulator Havrrw Reduced Power Consum ption Design 

In yet another embodiment power saving features are jntegrated with a receiver operating in accordance with 
1 5 Global System for MobBe Communications (6SMI. 

Figure 6 iihjstrates a typical Global System for Mobile Ccmmunication (GSM) demodulator. Input lines carrying 
baseband I fin-phase) and Q (quadrature-phase) data connect to an automatic gain control module 610 and a signal level 
estimator 61 2. The output of the signal level estimator 812 connecu to the AGC modute 610. 

The output of the AGC module 610 connects to a cross-coneiator 614. The cross-correlator's output connects 
20 to each of a matched filter 616, a matched filter extractor 618, and a timing recovery unit 620. The output of the 
matched filter extractor 618 feeds directly into the matched filer 616. The output off the matched filler 616 and the 
timmg recovery unit 620 both connect to a Maximum Likelihood Sequence Estimation (MLSE) detector 621 

The MLSE detector 622 couples to the input of a decryption unit B24 and the output of the decryption unit feeds 
into 3 deleaver 626. The deleaver 526 outputs data to a ccnvolutional decoder 630. The convohitional decoder 630 in 
25 turn connects to a block decoder 632. The block decoder 632 provides output on a data out line. 

In operation, the automatic gain control module 610 adjusts the input signal level of the baseband I and Q data 
(hereinafter signal) for optimal perf omiance during the subsequent demodulation operations as well understood m the art 
The incoming signal also enters a sqnal level estimator 612 that estlnrates the power level of the incoming signal 
Estimating the signal poww level serves two purposes; first a GSM communication systan adapts its performance based 
30 on the strength of the received signal at each of the mobile stations; and second, the receiver adiusts the gain of the input 
signal for subsequent iJemodulation processes. Accordingly, the modulator provides the output of the signal level estimator 
612 to the AGC module 610 so that the gain of signal may be adjusted appropriately. 

The cross-correlator 614 compares the recKved data to a known traming sequence or a training sequence 
included mid-sample vi the received data burst. The cross-corrdator locates the beginning of each burst off data using the 
35 known 26 symbols located at the center of each burst As known in the art, bursts are sent in a generally .5 millisecond 
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time frame followed by 4.5 millisecond pause. The cross-correlaior, having located or correlated the Imown 26 symbols is 
able to tocate the beginning of the data transmission. 

Next, the signal undergoes filtering and timing recovery. The matched filter exUactor 618 models an ideal 
-matched filter to reverse the effects of the transmission channel and any intersymboi interference introduced by the pulse 
5 shape. The timing recovery unit 620 detemiines the proper timing of the incoming signal to locate the center of the burst 
which in-timi allows the recehrer to correctly separate and demodulate the indhfidual symbols. 

The next phase of the demodulation process comprises MLSE detection. The MLSE detector 622 perfomis a 
sophisticated detection algorithm that declares each received symbol to be a 1 or 0 and provides a measure of the certainty 
of each binary decision. As known in the art the algorithms of the MLSE detector 622 emplov a dynamic programming 
10 model to simultaneously demodulate an entire half-burst (typically 58 bits) of data. While certain advantages exist in 
perfomiing demodulation over the half-burst instead on a symbol-bysymbol bases, haif-burst demodulation consumes a 
signifaant amount of power during operation. 

After MLSE detection, the signal enters a decryption unit 624 to reverse tha anti-eavesdropping measures 
undfftaken by the transmitter. Next, the signal enters the deleaver 626, wherein the transmitted bits are dispersed over 
1 5 several time division multiple access fTDMA) bursts to provWe robustness in the presence of fading. The deleaver 626 
rearranges the received bits into message blocks Le. into the original order existing prior to transmission. 

The output of the deleaver 626 progresses to the input of the convolutional decoder 63D. The com/olutional 
decoder 630 performs convolutional decoding on the received data. Convolutional cocfing and decoding provides means to 
detect and correct data errors introduced during transmission. In particular, convolutional coding adds coding to the data 
20 so that the convolutional decoder may accurately reconstruct the transmitted data, even if some of the data bits become 
corrupted during transmission. 

After comfolutional decoding, the signal enters the block decoder 632 to undergo reverse block coding. Block 
coding provides redundancy, typically parity bits. These parity bits are typically often transmitted at the end of a sequence 
of data bits so that upon recapt by the receiver, the block itecoder 632 may perform reverse block coding to determine if 
25 errors exist in the data stream. After undwgoing block decoding, the signal exite the block decoder 632 for further 
processing in other parts of the receiver, such as a vocoder (not shown). 

In one embodimait of the present invention, the recewer comprises a digital signal processor (DSP) coded 
implementation of a GSM receive. The inventors recognize that the most cwnplex and power consuming operation is 
typically the MLSE detection algorithm of the MLSE detector 622. For example, in some DSP based implementations, the 
30 MLSE detection may comprise up to 50% of the complexity in relation to total DSP operations. While tha advantages of 
the MLSE detector are worthy of its power needs during periods of poor signal quality, the MLSE detector neediassly 
consumes power when the signed is robust. 

Another very complex and power consuming component is the cross-correlator 614 because it operates over a 
broad range of delays to correctly locate the canter of the data burst. Cross-correlation in DSP based implementations may 
3 5 comprise up to 30% of the total DSP operations. 
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In ona embodiment, a GSM receiver is confisured to eliminate a substantial portion ol the computational 
requiranents of the receiver by monitoring the tiniingreeflvery unit 620f.r rapid move^^^^ 
basis. In such an embodiment, the racaivar would also include a cross-crrelator contralle, 616. The uoss-correlator 
controller 616 connects to the cross^orrelator and the tuning racovery unit. The cross-correbter controller 616 obt»ns 
data from the timing recovery unit 620 and depending on the timing of the Incoming signal, changes the operation of the 
crossKMrrdator accordingly. In particular, if the toming signal does not demonstrate rapid movement from burst center 
then the cross^orrelator controller 616 instructs the cross co^lator 614 to operate over a more narrow range of delays. 
For example, in m,m.al operation the cross-correlator614may operate over±5date symbols. Under i^^^ 

as when the burst center is genoraOy stable, perf onning cross-comdation over ± 2 symbols may be adequate. In short, 
when assuming the data transmission to be genemlfy stable, the cross-correlator can anticipate little change in burst center 
end reduce comput«ional comptexity such as, for example, evaluating fewer symbols. Reducing the computational 
complexity and duration of the cross-correlator 614 reduces the power consumption of the receiver which, in turn, extemls 
battery Gfe. If the timing recovery unit 620 detects rapid movement from burst center, then the cross-coireletor controller 
616 instructs the cfoss-correlator 614 to resume operation over a broader range of delays. In this fashion, the cross- 
correlator controller 616 edjusts the operetion of the cross-correlator 614 to save power during periods when the signal is 
stable without degrading signal quality. 

In another embodiment the receiver iidudes e MLSE conttoller 621 connected to the MISE detector 622. the 
matched f iher 61 7, end the output of the signal level estimator B12. The MISE controller recehres input from the matched 
filter 616 end the signal level estimator 612. The MLSE controller 621 monitors both the signal level ol an incoming 
transmission end the response to the matched filter 617. If the incoming sigmd level is high end the response to the match 
fiher 617 bidicates that the signal is arrivbig over a generally clear channel, than the receiver suspends operetion of the 
compficated MLSE detector 622. and instead implemarts a simple bit by-bit Minimum Shift Keying (MSK) demodulator. 
MSK demodulators are known by those of skill in the art and require e triviel amount of computetional resources, and thus 
bettery power, in relation to the MLSE algorithms of the MLSE detector 622 due to their operation on a bit-by-blt basic 
insteed of the typical 58 bit deley ol the MLSE detector 622. 

A receiver adopting MSK demodulation over MLSE algorithms consumes less power than a receiver utiHzing only 
MLSE detection algorithms. Thus, if the signel is robust the power intenshie MLSE detector operetion may be suspended 
and replaced wHh Wt-by-Wt MSK demoduletion. AltematweJy. if the signal changes ceusing the response to the matched 
filter 617 to not resemble a enpulse and H the signal level decreases, then the MLSE controller 621 suspends operation of 
the bit-by-bit MSK demodulator and resumes operation of the MLSE algorithms. In this fashion, the MLSE controller 621 
reduces power consumption of the receiver whhout sacrificinB auiio quality. As explained in the embodiment above, the 
signal tovel estimetor and the match fiher are used to determine the signal quality. Other quality measurements such as 
automatic gain control could be used to indicate die receiver algorithm which will be implemented for the remeinder of the 
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Although the foregoing descripttan o< the preteired anbodiniBrt of the pressnt invention has shown, dewiibed 
and pointed out the fundamental novel featunB of the in«ntioa it be understood that various omissions, substitutions 
and changes in fom, of the detail of the apparatus as iustrated as weB as the uses thereof, may be made by those skilled 
in the art v^lthout departing from the spirit from the present invamion. Consequently, the scope of the invention should not 
be limited to the foregoing iSscussion. but should be defined by the appended claims. 
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WHAT IS CLftlMEDIS : 

1. A power utilization control system for a wiretess communication device, comprising: 

a signal properties evaluation module, said module operative to evaluate the characteristics ol a 
received signal, said module configured to provide an indication of said characteristics; and 
5 at least one receiver component for said wireless communication device, said receiver component 

having at least two modes of operation, said receiver component responsive to said signal properties evaluation 
module to operate in at least one of said at least two modes of operation, based upon the said characteristics. 

2. The power utilization control system of Claim 1. wherein signal properties evaluation module is 

implemsnted using a digital signal processor. 
10 3. The power utilization control system of Claim 1, wherein said signal propenies evaluation module is 

configured to evaluate any of signal dynamics, signal noise levels, or signal strength. 

4. The power utilization control system of Claim 1, wherein said vnreless communications receiver 
operates in accordance with code division muhiple access. 

5. The poww utilization control system of Claim ), wheran said at least one receiver component 
15 comprises at least one analog to digital converter configured to convert said received signal in an analog format to a 

received signal in a digital format wharein said first mode comprises operation at a first precision and said second mode 
comprises operation at a second precision, said power utifization control system further compising: 

an analog to (figital converter control module responsive to said signal properties evahjation modula to 
select the precision of said at least on analog to digital comrerter based upon said intfcation of signal 

20 characteristics. 

6. The power utffization control system of Claim 5, wherein said analog to digital converter control 
module is configured to select a lower hit precision for said at least ona analog to (figrtal converter when the signal is of 
generally high quality. 

7. Tlie power utilization control system of Claim 1, wherein said at least ona receivar component further 
25 comprises a phirality of despread modules, said despread modite responsive to said indication of said characteristics frum 

said signal properties evaluation module to adjust operation based upon said indication of signal characteristics. 

8. The power utilization control system of Claim 1, whwein said at least one receiver component 
comprises a timing estimator, said timing estimator responswe to said indication of said characteristics from said signal 
properties evaluation module to alter liming estimation operation based upon said indication of signal characteristics. 

30 9. The power utffization control system of Claim 8, wherein said at least one raaiver component further 

comprises a plurality of despread modules, said despread modules responsive to said indication of said charactaistics from 
said signal properties evaluation module to adjust operation based upon said indication of signal characteristics. 

10. The power utilization control system of Claim 9, wherein said despread modules respond to said 
indication of said signal characteristics via a control unit to adapt one or more of the operation duty cycle or tap spacing in 

3 5 response to said indication of ^nal characteristics. 
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1 1 The power uiilizatinn ccuitrtd system ol Clein B, wherein said timing estimator responds to said 
indication of said signal characteristics via a tWng conuol unit to modify one or more of the tWng estimator type. 

Operation duty cycle, and bandwidth, 

12. The power utilization control system of Claim 8, wherein said timing estbnator compnses a delay-lock. 

loop. 

13. The power utiMon control system of Claim 1, wherein said at least one receiver component 
comprises at least one equalizer, said at least one equalizer responsive to said indication of signal characteristics from said 
signal properties evaluation module to change its operation based upon said indication of signal characteristics. 

14. The power utilization control system of Claim 13, wherein said equalizer alters one or more of its duty 
cycle or complexity of operation based upon said indication of signal quality. 

15. The power utiization comrol system of Claim 1, wherein said at least one receiver component 
comprises at least one correlator, said correlator responsive to said indication of signal characteristics to operate in either 

said first or said second mode. 

16. The power utilization control system of Claim 15, wherein said first mode comprises operation at a 

first prwasion and said second mode comprises operation at a second precision. 

17. The power utilzalion comrol system of Claim 16. wherein said first mode of operation further includes 
a first duty cycle for said correlator and said second mode of operation comprises a second duty cycle for said at least ona 
conetator. 

18. The power utilization control module of Clain 1, wherein said signal properties evaluation module 
provides said imfication of said characteristics via a control module. 

19. Tt» poww utifization control system of Claim 18. wherein said at least one raaver component 
comprises a pluraBty of correlators, said control module suspending operation of one or more of said plurality of correlators 
during periods when the signal is of rdatively good qiality. 

20. The power utilization control system of Claim 1. wh&ein said at least one receiver component 
comprises a signal combiner, said signal combiier responsive to said indication of signal characteristics from said signal 
properties evaluation module to alter operation of said combiner based upon said indication of signal characteristics. 

21. The power utilization comrol system of Claim 20, wherein said at least two modes comprise a first 
moda wherein said combiner operates in accordance with a first processing algorithm and a second mode wherein said 
signal combiner operates in accordance with a second algorithm. 

21 The power utilization comrol system of Claim 21. wherein said first algorithm comprises a more 
complex algorithm than said second algorithm. 

23. The powH utilization control Systran ol Claim ,!, wherein said at least one receiver component 
convrises a frequency estimation module, wherein said at least two modes comprise at least first and second modes 
selected in response to said indication of said signal characteristics from said signal properties evaluation modula. 
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24. The power utilization control system of Claim 23, wherein said at least two modes comprises at least 
two algorithms, said at least two algorithms having a difference in one or more of the processing precision, filter type, 

processing rate, or duty cycle. 

25. The power utilization control system of Claim 23. wherein said frequency estimation module responds 
5 to a demoduiated piot signal and to demodidated desired signals from users other than the intended recaver. 

2B. A method of reducing power consumption in a wireless communication receiver having a plurality of 
receiver components comprising: 

receiving a signal' 

monitoring the characteristics of the incoming sipal; 
1 Q evaluating the characteristics of the incoming signal; aid 

altering tha operation of at least one of said recehrer components based upon the evaluated quality of 
the incoming signal. 

27. The method of reducing power consumption of Claim 26, wherein said at least one of said receiver 
components comprises an analog to digital converter. 
15 28. The method of Claim 27. wherein altwing the operation of said analog to digital com^erter comprises 

ahering the precision of the analog to digital converter. 

29. The method of Claim 28. wherein altering the precision of the analog to digital converter comprises 
altering the precision between 5 bits and 2 or 3 bits. 

30. The method of Claim 27, wherein mottttoring the characteristics of the incoming signal comprises 
20 monitoring any of signal dynamics, signal noise, signal level bit emjr rate, or fieid error rata. 

31. The method of Cton 30, wherein said method is imptanented in a communication receiver operating in 
accordance with code division muhiple access. 

32. The method of Claim 27, wherein evaluating tha quality of said incoming signal comprises detennining 
the proper precision setting for said one or more anakig to digital converters. 

25 33. The method of Claim 26, wherein said step of ahering the operation of at least one of said receiver 

componems comprises accosting the operation of signal timing estimator. 

34. The method of Claim 33, wherein said signal timing estimator comprises at least one delay lock loop. 

35. The method of Claim 33, wherein said st^ of adjusting operation comprises reducing the duty cyda of 
said timing estimator. 

30 38. The method of Claim 35, wherein said step of monitoring the signal comprises monitoring any of signal 

dynamics, signal noise, and sipal level. 

37. The method of Claim 33, wherein step of aiSusting operation comprises adjusting the filter properties 

of a timing estimator. 

38. Tha mathod of Claim 26, wherein said stqi of evaluating comprises evaluating the difference between 
3 5 the output of two correlators. 
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39. The mathod of Claim 26, wherein said step of altering the operation of at least one of said receiver 
components comprise altering the operation of an equalizer for an incoming signal said method further composing the 
steps of evaluating information regarding the characteristics of an incoming signal; and modifying the complexity of 
equalizer algorithms for said equalizer based upon said evaluation. 
5 40. The method of Claim 26, wherein said step of altering the operation of at least one of said recarvw 

components comprises altering the operation of at least one correlator based upon the evaluation of the incoming signal 

41. The method of Claim 40, wherein said step of altering the operation of at least one correlator 
comprises modifying the symbol frequency of oparation of the correlator. 

42. The method of Claim 26, wherein said step of ahering the operation of at least one of said receiver 
10 components comprises altering the operation of a signal combiner in response to said step of evaluating the quality of the 

incoming signal 

43. The method of Claim 42, wherein said step of altering the operation of a signal combiner comprises 
selecting one of at least two algorithms op^abla with the said combiner. 

44. The method of Claim 26, wherein said st^ of altering the operation of at least one of said receiver 
15 components comprises ahering the operation of a freqiancy estimator in response to said step of evaluating the quafity of 

the incoming signal 

45. The method ol Claim 44, wherein said step of ahwing the operation of a frequency astimator 
comprises seiectinQ an algorithm from at least two algorithms operable for said frequency estinator. 

46. The method of Clain 44, wherein said step of altering the operation of said frequency estimator 
20 comprises selecting a precision for said frequency estimator. 

47. The method of Claim 44, wherein said step of ahering the operation of a frequency estimator 
comprises controlling active periods lor said frequency estimator. 

48. An adaptive signal synchronization apparatus for a wiretess receiver comprising: 
a timing estimator; 

25 a signal properties evaluation module responshre to signal characteristics to evahiate an incoming 

signal; and 

a timmg controBer responsive to said signal properties evahiation module to control the operation ol 
said timing estimator. 

49. The adaptive sqnal synchronization apparatus of Claim 48, wherein said timing estimator includes at 

30 least one delay lock loap. 

50. The adapthra signal synchronization apparatus of Claim 48, wherein said timing controller is configured 

to adapt the percemage of tine that said timing estimator operates. 

51. Tha adaptive signal synchronization apparatus of Claim 48, wherein said timing controllar is configured 
to control tap spacing of said timing estimator. 
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52. The adaptive signal synchronization apparatus of Claim 48. wherein one or more of said timing 
estimator, said timing controller and said evaluation module are embodied with a digital signal processor. 

53. The adaptive signal synchmnization apparatus of Claim 48, further comprising a plurality of despread 
modules, said despread modules responsive to an indication of signal characteristics from said signal properties evaluation 

5 module to adjust operation of despread modutes. 

54. An adaptiva equalizer system for a wireless racaiver comprising: 

an equalizer operaUe in at least two modes to perform equafization on an incoming signd; 

a signal properties evaluation module responshre to signal characteristics to evaluate an incoming 

signal; and 

1 0 an equalizar controller responshre to said signal praperties evaluation module to select between said at 

least first and second modes. 

55. The adapthre equalizer system of Claim 54, wherein said equafizer controller is embodied in a digital 
signal processor. 

55. The adapthre equafizer system of Claim 54, wherein said signal properties evaluation module is 

1 5 embodied in a digital signal processor. 

57. The adaptive equaSzer system of Claim 54. vriwein said signal properties evaluation module receives a 
pluralhy of characteristics of an incoming signal and responds to such characteristics to develop equafizer operating 
parameters. 

58. The adaptive eijualizer system of Claim 54. wherein said at least first and second modes of operation 
20 comprise a first mode in which said equalizer operates in accordance with a first algorithm and a second mode wherran said 

equaSzer operates in accordance whh a srecnd algorithm whrch is different from said first algorithm. 

59. Tha adaptwe equafizer systan of Claim 54, wherem said receiver comprises a wireless communication 
receivCT in a wireless communication system. 

60. The adapthre equafizer system of Claim 54, wherein said equafizer is configured to compensate for time 

2 5 delays introduced in a signal transmitted over a wireless median. 

61 . A method for adaptive operation of an equalizer in a recover con^rising: 
recehring, equalizing and demodulating an incoming signab 
evahiating tha quality of the incoming signal; and 

adapting the operation of an equalizer based on said step of evaluating. 
30 62. The method of Claim Bl, wherein said adapting the operation of an equalizer comprises shutting off 

said equafizer when said evaluating indicates the signal is of generally high quality. 

63. The method of Claim 61, wherein said adapting the operation of an equafizer comprises reducing the 
computational complexity of said equalizer when said evaluating indicates the incoming signal is of generafiy high quality. 

64. The method of Claim 61, wherein evaluating comprises evaluating any of signal dynamics, signal rawB, 
35 signal level, bit error rate, or frame error rate. 
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65. Th9 method of Claim 64, wherein evaluating comprises determining the rata of change over time of one 
or more of the sigrwl dynamics, signal noise, signal level, bit error rate or f rane error rate. 

66. An adaptive combiner for a recehrer comprising: 

at least two correlators configured to receiva an incoming si^al; 
a combiner coupled to said at least two corralators; 

a signal properties evaluation module responsive to characteristics of a received signal to provide an 
indication of the properties of an incoming signal; and 

a combiner control module coupled to said combiner and responsive to said infetion of signal 
characteristics from said signal properties evaluation module to alter operation of said combiner based upon said 
indication of said signal characteristics. 

67. The apparatus of Claim 66. wherein said combiner control module is further coupled to at least one of 
said at least two combiners, said combiner comrol module configured to provide a control signal to at least one of said at 
least two combiners to alter tfie operation of at least one of said at least two combiners. 

68. The apparatus of Claim 67. wher«n at least one of said corr^or, said combinBr, sad signal 
properties evaluation modute and said combiner control module is emboified using a digital signal processor. 

69. The apparatus of Clakn 87, wfierein said combiner compises part of a wireless communication 

receiver. 

70. A method of adaptive control in a receiver comprising: 
receiving an incoming radio signal; 

correlating at least portions of tin incoming signet 

combining said portions of the incoming signal 

evaluating the quafity of the inconung signal; and 

controlling said combining step based on tha quality of the incoming signal. 

71. The method of Claim 7a wheran said step of combining may proceed in accordance with a first or a 
second mode of operation, said first and second mode operatmg in accordance with dHferenl algorithms for said combining 
step, said controlling comprises changing said mode. 

72. The method of Claim 70, wrherein said algorithms ififter in the manner of parameter estimation used m 

said step of combining. 

73. The method of Claim 70, wherein said evaluating comprises evaluating one or more of the signal 
dynamics, signal noise, signal tevel, bit error ratio, and frame error ratio. 

74. A method for reducing power consumption in a receiver operating in accordance with the principles of 
Global System for Mobie Communications comprising: 

recehring a radio agnal; 

evaluating signal dynamics of said radio signal; and. 

ahering a range of delays in a corrdator based on said signal dynamics. 
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75. The method of Claim 74, wherein said step of evaluating comprises monitoring in a timing unit the rate 

of sqnal timing change over time. 

76. The method of Claim 75, wherein said step of altering a range of delays comprises reducing the range 
of delays when said signal is detemiined to be generally stable based on said signal dynamics. 

5 77. The method of Claim 76, wherein generally staWa comprises a low rate of change ovar time. 

78. The method of Claim 77, wherem a ganeraly stable signal comprises a signal wherein the signal does 
not demonstrate rapid timing drift from burst cemer. 

79. The method of Claim 77, wherein reducing the range of delays comprises performing aoss-correlation 

every ±2 data symbols. 

1 Q BO. The method of Claim 74, wherein said step of evaluating comprises monitoring the center of a burst 

from burst to burst in the received radio signal 

81. The method of Claim 74, wherein said step of altering a range of delays comprises increasing the range 
of delays and said signal dynamics indicate that said raifio signal is generally unstable based on high signal dynamics. 

82. An adapthre correlator for a communications receiver configured to receive an incoming signal 
1 5 comprising: 

a correlation unit configured to compare said mcoming signal to a known timing sequence. 

a timing recovery unit connected to said correlation unit said timing recovery unit configured to 
evaluate ttn timing of said incoming signal' 

a correlator controller connected to both of said timing recovery unit and said correlation unit said 
20 correlation controto configured to adapt the operation of said corretatmn unit based on said evaluation by said 

timing recovery unit. 

83. The adaptive correlator of Claim 82, wherein said correlator controller is configured to adapt the 
operation of said correlation unit to reduce the number of symbols over which the correlation unit operates. 

84. The adaptive correlator of Claim 82, wherein said timing recovery unit is configured to detemiine the 
25 change in timing of said incoming signal over time. 

85. The adaptive correlator of Cbin 82, wherein said correlator unit is configured to perfomi a cross- 
correlation between the recoved sipal and a known training sequence. 

88. The adaptive correlator of Cten 82, wherein said communications recaver opiates in accordance 
with the principles of a Global System For Mobile Comnmnications. 
30 87. A method of adaptive control in a recehrw utilizing MLSE algorithms comprising: 

receivmg signal; 

monitoring the level of said signal; 

monitoring the response of said incoming signal to a filter; and 

suspending operation of said MLSE algorithms when said signal level is high and said response to said 
3 5 f ilter indicates a generally clear channeL 
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B8. The method of Claim 87, wherein a high signal level comprises a signal having level generally near the 
maximum signal level. 

89. The method of Claim 87. wherein monitoring the level comprises monitoring the output of a signal level 

estimator. 

5 90. The method of Claim 87, wherein monitoring the response comprises monitoring the response of said 

incoming signal to a matched filter. 

91. The method of Claim 87, wtoein a generaly clear channel comprises a response to said filter generally 

resembling a impulse. 

9Z The method of Claim 87, wherein suspending said MLSE algorithm comprises r^acmg said MLSE 

1 0 algorithm with a MSK demodulator. 

93. The method of Claim 92. wherein said MSK demodulator comprises a bit-by-bit MSK demodulator. 

94. An adaptive MLSE detector comprising: 

a signal level estimator responsive to an incoming signal to determine the signal level of said incoming 

signal; 

1 5 8 fitter configured to filter said incoming signal; 

a MLSE detector configured to obtain input from said fflter, said MLSE detector configured to compute 

signal probafaSty; and 

a MLSE controte cou|rted to said signal level estimator, said fitter and said MLSE detector, said MLSE 
controller configured to evafaiate output from said signal level estimator and said filter and, based on sakl 
20 evahratioa control the operation of sad MLSE detector. 

95. The edaptive detector of Claim 94, wherein said filter comprises a matched filter . 

96. The adapthre ttetector of Claim 94, wherein said MLSE controller is configured to suspend op^ation of 
said MLSE algorithms whan said signal level estimator inificates said signal is generaPy high and said response to said 
signal is generally an impulse. 

25 97. The adaptive detector of Claim 96, wheein said MLSE conuoller is configured such that when said 

MLSE algorithms are suspended, said MSK demodulation occurs. 

98. The adaptive detector of Claim 94, wherein control of the operation comprises reducing the power 

consumptnn. 
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